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DESCRIPTION 



Air-Refrigerant Cooling Apparatus 



Technical Field 



5 



The present invention relates to cooling 



apparatuses using air as refrigerant. 



Background Art 



Cooling apparatuses using air as refrigerant have 



10 been recently developed as alternatives of conventional 
cooling apparatuses using chl oro f luor ocarbon as 
refrigerant . 



No . HO 5- 1 0 6 94 4 discloses a refrigerating apparatus 
15 composed of a compressor, a condenser including a blowing 
fan, a pressure reducing unit, and an evaporator including 
a blowing fan, which are sequentially connected. This 
refrigerating apparatus includes a first switching valve 
that is provided downstream or upstream of the condenser 
20 and that opens and closes a refrigerant channel of the 
condenser, a first bypass circuit that bypasses this first 
switching valve and the condenser, a second switching valve 
that is provided in this first bypass circuit and that opens 
and closes the first bypass circuit, a second bypass 
25 circuit that bypasses the pressure reducing device, and 
a third switching valve that is provided in this second 
bypass circuit and that opens and closes the second bypass 
circuit. The well-known refrigerating apparatus is 



For example, Japanese Laid Open Patent Publication 
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characterized in that the first switching valve is opened, 
the second and the third switching valves are closed, and 
the blowing fan of the condenser and that of the evaporator 
are activated in a refrigerating operation, and in that 
5 the first switching valve is closed, the second and the 
third switching valves are opened, and at least the blowing 
fan of the evaporator out of the blowing fan of the 
condenser and that of the evaporator is deactivated in a 
defrosting operation. 

10 Additionally, Japanese Laid Open Patent Publication 

No. Hll-132582 discloses an air-refrigerant refrigerating 
apparatus constituted so that a compressor, an air cooler, 
an air-to-air heat exchanger, and an expansion unit are 
arranged in an order of an air flow, that the air in a 

15 chamber required to be cooled is taken into the compressor 
through the air-to-air heat exchanger, and that the air 
output from the expansion unit is blown off into the chamber. 
This air-refrigerant refrigerating apparatus is 
characterized by including a first bypass provided with 

20 a valve for returning a part of or all of the air from the 
expansion unit to the air-to-air heat exchanger while 
bypassing the chamber, and a hot air bypass provided with 
a valve for taking in the air at 0°C or higher from an air 
passage between the compressor and the expansion unit, and 

25 for supplying the air to an air passage on an inlet side 
of the air-to-air heat exchanger. 

Finally, Japanese Laid Open Patent Publication No. 
Hll-132583 discloses an air-cooling facility for taking 
the air within a chamber required to be cooled into an 



air-refrigerant refrigerator as a refrigerant, and for 

blowing off a low temperature air from the air-refrigerant 

refrigerator into the chamber. This air cooling facility 

includes a frosting unit arranged in an air passage for 

supplying the low temperature air from the air-refrigerant 

refrigerator to the chamber required to be cooled, and 

means for discharging a mixture of floating particles and 

ice pieces in the air captured by this frosting unit in 

a solid state or after fusing temporarily to the outside 

of the frosting unit. 

Differently from cooling apparatuses using 

chlorof luorocarbon as refrigerant, commonly used air- 
refrigerant cooling apparatuses are designed to directly 
introduce air used as refrigerant into cooled chambers, 
to recover the air from the chambers, and to circulate the 
air. The air within the chamber is mixed with the external 
air due to going in and out of loads and persons. This 
causes the refrigerant air to incorporate moisture of the 
external air. The moisture within the refrigerant air 
enhances generation of frost. Accordingly, defrosting is 
an important issue for air-refrigerant cooling 
apparatuses . 

Disclosure of* Invention 

Therefore, an object of the present invention is 
to provide an a i r- r e f r ige r ant cooling apparatus capable 
that achieves efficient defrosting. 

In an aspect of the present invention, an air- 
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refrigerant cooling apparatus is compos ed o f : a compressor 
compressing refrigerant air; a heat exchanger cooling the 
refrigerant air discharged from the compressor; an 
expansion turbine expanding the refrigerant air 
5 discharged from the heat exchanger; a defroster removing 
moisture from the refrigerant air discharged from the 
expansion turbine; and a cooled chamber supplied with the 
refrigerant air from the defroster. The refrigerant air 
discharged from the cooled chamber is supplied to the 

10 compressor. The air-refrigerant cooling apparatus 
additionally includes a cooled chamber bypass pipe 
allowing the refrigerant air discharged from the defroster 
to bypass the cooled chamber and to enter a pipe connected 
to an outlet of the cooled chamber; and a defrosting bypass 

15 pipe branched from a pipe connected to an outlet of the 
compressor to supply the defroster with the refrigerant 
air . 

Preferably, the air-refrigerant cooling apparatus 
in accordance with the present invention further includes 
20 a heat exchanger bypass pipe bypassing the heat exchanger 
to introduce the refrigerant from the compressor to the 
expansion turbine . 

It is also preferable that air-refrigerant cooling 
apparatus in accordance with the present invention further 
25 includes a device measuring a pressure in the defroster. 

Preferably, the air-refrigerant cooling apparatus 
in accordance with the present invention further includes 
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a defroster drying mechanism exchanging moisture- 
including air within the defroster with external air. 

Preferably, the defroster drying mechanism 
includes a fan discharging air within the defroster. 
5 It is also preferable that the defroster drying 

mechanism includes a suction pipe disposed at a position 
experiencing a relatively low pressure within a pipe system 
provided for the air-refrigerant cooling apparatus to 
communicate with the outside of the pipe system; and a 

10 discharge pipe disposed at a position experiencing a 
relatively high pressure within the pipe system to 
communicate with the outside of the pipe system. 

In another aspect of the present invention, an 
air-refrigerant cooling apparatus in accordance with the 

15 present invention is composed of a compressor compressing 
refrigerant air; a heat exchanger cooling the refrigerant 
air discharged from the compressor; an expansion turbine 
expanding the refrigerant air discharged from the heat 
exchanger; a defroster removing moisture from the 

20 refrigerant air discharged from the expansion turbine; and 
a cooled chamber supplied with the refrigerant air from 
the defroster. The refrigerant air discharged from the 
cooled chamber is supplied to the compressor. The 
air-refrigerant cooling apparatus further includes a 

25 defroster drying mechanism exchanging moisture-including 
air within the defroster with external air. 

The air-refrigerant cooling apparatus in 
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accordance with the present invention is especially useful 
when operating on a transport apparatus. 

In still another aspect of the present invention, 
a defrosting method for an air-refrigerant cooling 
5 apparatus in accordance with the present invention 

involves circulating refrigerant through a pipe system 
with valves on the inlet and outlet of the cooled chamber 
opened, and with a valve disposed in the defrosting bypass 
pipe closed, when the air-refrigerant cooling apparatus 

10 is placed into a cooling operation mode for cooling the 
cooled chamber by the air-refrigerant cooling apparatus. 
When the air-refrigerant cooling apparatus is placed into 
a defrosting operation mode for defrosting the defroster, 
on the other hand, the valves on the inlet and outlet of 

15 a cooled chamber are closed, and the valve disposed in the 
defrosting bypass pipe is opened. Additionally, the 
refrigerant air is circulated through the pipe system of 
the air-refrigerant cooling, apparatus with a motor for 
driving the compressor and the expansion turbine operated 

20 at a rotational speed lower than that for the cooling 
operation mode. 

In still another aspect of the present invention, 
a defrosting method for an air-refrigerant cooling 
apparatus in accordance with the present invention 

25 involves circulating refrigerant air through a pipe system 
with the valves on the inlet and outlet of the cooled 
chamber opened, and with the valve disposed in the 
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defrosting bypass pipe and the valve disposed in the heat 
exchange bypass pipe closed, when the air-refrigerant 
cooling apparatus is placed into a cooling operation mode 
for cooling the cooled chamber by the air-refrigerant 
5 cooling apparatus. When the air-refrigerant cooling 
apparatus is placed into a defrosting operation mode for 
defrosting the defroster, on the other hand, the valves 
on the inlet and outlet of a cooled chamber are closed, 
and the valve disposed in the defrosting bypass pipe is 

10 opened. Furthermore, the motor for driving the compressor 
and the expansion turbine is operated at a rotational speed 
lower than that for the cooling operation mode. 
Additionally, the refrigerant air is circulated through 
the pipe system of the ai r- r e f r i ger ant cooling apparatus 

15 with the valve disposed in the heat exchanger bypass pipe 
and with a valve introducing the refrigerant air from the 
compressor to the heat exchanger closed. 

In still another aspect of the present invention, 
a defrosting method for an air-refrigerant cooling 

20 apparatus in accordance with the present invention 
involves switching the operation mode of the air- 
refrigerant cooling apparatus from the cooling operation 
mode to the defrosting operation mode when the measured 
pressure within the defroster being exceeds a 

25 predetermined value. 

According to the present invention, an air- 
refrigerant cooling apparatus is provided which achieves 
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efficient defrosting. 

Brief Description of Drawings 

Fig. 1 depicts an ai r- re f r i ger ant cooling apparatus 

5 in a normal operation; 

Fig. 2 depicts the air-refrigerant cooling apparatus 

in a defrosting operation; 

Fig. 3 depicts an air-refrigerant cooling apparatus 

having a bypass pipe provide in an exhaust heat recovery 

10 heat exchanger; 

Fig. 4 depicts an air-refrigerant cooling apparatus 

that includes a moisture discharge fan; and 

Fig. 5 depicts a transport apparatus loaded with a 

container that includes the air-refrigerant cooling 

15 apparatus . 

Best Mode for Carrying Out the Invention 

A best mode for carrying out the present invention 
will be described hereinafter in detail with reference to 

20 the drawings . 

Referring to Fig. 1, shown is an exemplary 
configuration of an air-refrigerant cooling apparatus 
according to one embodiment of the present invention. The 
term. "cooling apparatus" is intended to include a freezing 

25 apparatus, a refrigerating apparatus, and an air- 
conditioning cooling apparatus, which are different in 
temperature and pressure of the system; this also applies 
to the cooled warehouse. In the following description, 
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the term "warehouse" refers to a space to be cooled by the 
cooling apparatus. The air-refrigerant cooling apparatus 
1 includes a compressor 2. The compressor 2 is driven by 
a motor 4. The motor 4 is cooled by a cooling fan 6. 
5 A pipe 28 is connected to the inlet of the compressor 

2. The outlet of the compressor 2 is connected to a 
water-cooled heat exchanger 8 through an air pipe 3. The 
water-cooled heat exchanger 8 includes a water line 9- 
through which water flows for achieving heat exchange with 
10 the air within the airpipe 3. The water line 9 is connected 
to a cooling tower 10. The water line 9 is provided with 
a circulating pump 12 for circulating the water between 
the water-cooled heat exchanger 8 and the cooling tower 
10 . 

15 A pipe connected to the outlet of the airside of the 

water-cooled heat exchanger 8 is branched into a high- 
temperature pipe 13 and a bypass pipe 30. The high- 
temperature pipe 13 is connected to an inlet of an expansion 
turbine 16 through an exhaust heat recovery heat exchanger 

20 14. The expansion turbine 16 is driven by compressed air 
received from the compressor 2. 

The outlet portion of the expansion turbine 16 tends 
to be frosted during cooling operation of the air- 
refrigerant apparatus 1. On this account, a defroster 18 

25 for removing frost is connected to a pipe on an outlet side 
of the expansion turbine 16. A pipe on the outlet of the 
defroster 18 is branched into a cooled warehouse inlet pipe 
21 and a bypass line 23. The cooled warehouse inlet pipe 
21 is connected to a cooled warehouse 22 through a warehouse 
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inlet valve 2 0. The cooledwarehouse 22 having an op enable 
and closable door; closing the door provides a hermetic 
space inside the cooled warehouse 22. 

A pipe on the outlet of the cooled warehouse 22 is 
5 connected to a low-temperature pipe 26 through a warehouse 
outlet valve 24. The end of the bypass line 23 positioned 
away from the defroster 18 is connected to the low- 
temperature pipe 26 at the warehouse outlet valve 24. 
Namely, the warehouse outlet valve 24 is a three-way valve 
10 to which the pipe on the outlet of the cooled warehouse 
22, the low- temper a ture pipe 26, and the bypass line 23 
are connected. The low- temperature pipe 26 is connected 
to the pipe 28 through the exhaust heat recovery heat 
exchanger 1 4 . 

15 The bypass side pipe 30 is connected to one end of 

a bypass line 36 through two valves: a balancing root valve 
32 and a three-way balancing valve 34 . The three-way 
balancing valve 34 is also connected to a pipe having an 
end connected to the pipe 28, on the opposite end. The 

20 other end of the bypass line 36 is .connected to the 
defroster 1 8 . 

The air-refrigerant cooling apparatus 1 constituted 
as stated above operates as follows in the normal operation, 
i.e., the operation mode in which the inside of the cooled 

25 warehouse 22 is cooled. 

The warehouse inlet valve 20 is opened. The 
warehouse outlet valve 24 is actuated so that the outlet 
of the bypass line 23 is closed, and the pipe on the outlet 
of the cooled warehouse 22 and the low- temperature pipe 
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26 are opened so as to communicate with each other. The 
balancing root valve 32 and the three-way balancing valve 
34 are closed. 

The motor 4 is started to thereby drive the compressor 
2 and the expansion turbine 16. The compressor 2 absorbs 
and compresses the refrigerant air in the pipe 28. The 
refrigerant air, having a high temperature and a high 
pressure through the compression, is discharged to the air 
pipe 3. The circulating pump 12 is driven to thereby pump 
the water through the water line 9. The refrigerant air 
within the air pipe 3 is cooled through heat exchange with 
the water circulating through the water line 9 in the 
water-cooled heat exchanger 8. 

The refrigerant air from the water-cooled heat 
exchanger 8 enters the high- temperature pipe 13. The 
refrigerant air through the high- temperature pipe 13 is 
further cooled through heat exchange with the refrigerant 
air flowing through the low- temper ature pipe 26 in the 
exhaust heat recovery heat exchanger 14. 

The refrigerant air cooled by the exhaust heat 
recovery heat exchanger 14 enters the expansion turbine 
16 through the pipe on the outlet of the exhaust heat 
recovery heat exchanger 14. The refrigerant air is 
further cooled by being adiabat ical ly expanded by the 
expansion turbine 16. 

The refrigerant air discharged from the expansion 
turbine 16 enters the defroster 18. In the defroster 18, 
moisture within the refrigerant air is frozen; moisture 
concentration of the refrigerant air discharged from the 
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defroster 18 is reduced. 

The refrigerant air from the defroster 18 is supplied 
into the cooled warehouse 22 through the warehouse inlet 
valve 20, thereby cooling the cooled warehouse 22. The 
5 refrigerant air discharged from the cooled warehouse 22 
enters the low- temperature pipe 26 through the warehouse 
outlet valve 24. The refrigerant air flowing through the 
low- temperature pipe 26 is heated by the heat exchange with 
the refrigerant air flowing from the hi gh- 1 emper a tur e pipe 
10 13 through the exhaust heat recovery heat exchanger 14 . 
The heated refrigerant air enters the compressor 2 through 
the pipe 2 8. 

Next, an operation of the air-refrigerant cooling 
apparatus 1 in the defrosting operation mode will be 

15 described with reference to Fig. 2. 

The warehouse inlet valve 20 is closed. The 
warehouse outlet valve 24 is actuated so that the pipe on 
the outlet side of the cooled warehouse 22 is closed, and 
the bypass line 23 and the low- temper ature pipe 26 are 

20 opened so as to communicate with each other. The balancing 
root valve 32 is opened, and the three-way balancing valve 
34 is opened so as to communicate the pipe connected to 
the balancing root valve 32 with the bypass line 36. 

The motor 4 is started to operate at a rotational 

25 speed smaller than that in the normal operation (e.g., 
about a one-third of that in the normal operation) , thereby 
driving the compressor 2 and the expansion turbine 16. The 
compressor 2 absorbs and compresses the refrigerant air 
in the pipe 28. The refrigerant air, having a high 
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temperature and a high pressure through the compression, 
is discharged to the air pipe 3. The refrigerant air 
enters the water-cooled heat exchanger 8 . The circulating 
pump 12 is stopped, so that the refrigerant air is not 
5 cooled but kept at high temperature in the water-cooled 
heat exchanger 8 . 

The refrigerant air from the water-cooled heat 
exchanger 8 is branched into the high- temperature pipe 13 
and the bypass pipe 30. The part of the refrigerant air 

10 that flows through the high- temper ature pipe 13 enters the 
exhaust heat recovery heat exchanger 14, and is cooled in 
the exhaust heat recovery heat exchanger 14 through heat 
exchange with the refrigerant air flowing from the 
low- temperature pipe 26. 

15 It should be noted, however, that the temperature of 

the air refrigerant during the defrosting operation mode 
is higher than that during the operation mode of cooling 
the cooled warehouse 22, because of the reasons that, for 
example, the rotational speed of the expansion turbine 16 

20 of the air-refrigerant cooling apparatus 1 is small, the 
air refrigerant is not cooled in the water-cooled heat 
exchanger 8, and the cold air from the cooled warehouse 
22 does not enter the low- temperature pipe 26. 
Accordingly, a quantity of heat taken from the high- 

25 temperature pipe 13 in the exhaust heat recovery heat 
exchanger 14 is smaller than that in the normal operation. 

The refrigerant air discharged from the exhaust heat 
recovery exchanger 14 enters the expansion turbine 16. In 
the expansion turbine 16, the refrigerant air 16 is 
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expanded and cooled; however, a temperature difference of 
the refrigerant air between the inlet and outlet of the 
turbine 16 is not so greater than that in the normal 
operation, because of the reduced rotational speed. 
5 The refrigerant air discharged from the expansion 

turbine 16 is introduced into the bypass line 23 through 
the defroster 18. The refrigerant air then enters the 
low- temperature pipe 26 through the warehouse outlet valve 
24. The refrigerant air in the low- temperature pipe 26 

10 enters the pipe 28 through the exhaust heat recovery heat 
exchanger 14. The refrigerant air in the pipe 28 enters 
the compressor 2. 

A part of the refrigerant air discharged from the 
water-cooled heat exchanger 8 enters the bypass pipe 30. 

15 The refrigerant air flowing through the bypass pipe 30 
enters the bypass line 36 through the balancing root valve 
32 and the three-way balancing valve 34. The refrigerant 
air flowing through the bypass line 36 is supplied to the 
defroster 1 8 . 

20 The refrigerant air supplied from the bypass line 36 

to the defroster 18 is high in temperature because being 
directly supplied from the outlet side of the compressor 
2, and not cooled by the exhaust heat recovery heat 
exchanger 14 and the expansion turbine 16. This 

25 effectively melts the frost within the defroster 18. Let 
us consider the case, for example, that it takes two hours 
to complete defrosting through allowing all the 
refrigerant air in the bypass line 36 to enter the 
high- temperature pipe 13, and to enter the defroster 18 
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through the expansion turbine after the temperature 
thereof is reduced in the exhaust heat recovery heat 
exchanger 14. Supplying the refrigerant air discharged 
from the compressor 2 to the defroster 18 through the bypass 
5 line 36, as shown in Fig. 2, achieves defrosting within 
about 1.5 hours. 

The air-refrigerant cooling apparatus 1 according to 
the present invention may additionally include a bypass 
that allows the refrigerant air to bypass the water-cooled 
10 heat exchanger 8. 

In this case, the refrigerant air discharged from the 
compressor 2 flows through the bypass instead of the 
water-cooled heat exchanger 8, and is supplied to the 
defroster 18 

15 Switching from the normal operation to the defrosting 

operation mode may be automatically achieved through the 
following techniques : 

(1) The apparatus is switched to the defrosting mode 
at a predetermined time, for instance, every twelve o' clock 

20 at night. In this case, it is preferable to perform 

defrosting at night, when fewer persons and foods go in 
and out of the cooled warehouse. 

(2) Apressure gauge 19b is provided for the defroster 
at some position thereof, for instance, at the outlet 

25 thereof. When the pressure satisfies a predetermined 

condition, for instance, falls by a predetermined pressure 
or more, the mode is switched to the defrosting mode. 

(3) The apparatus is provided with pressure gauges 
19a and 19b measuring the pressures at the inlet and outlet 
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of the defroster, respectively, and a differential 
pressure gauge 19c measuring a differential pressure 
between the inlet and the outlet are provided. When the 
differential pressure is equal to or higher than a 
5 predetermined pressure, the mode is switched to the 
defrosting mode. 

Referring to Fig. 3, a description is made of a 
modification of this embodiment. The air-refrigerant 
cooling apparatus la shown in Fig. 3, as compared with the 

10 air-refrigerant cooling apparatus 1 shown in Fig. 1, 

additionally includes: a pipe 38 that communicates the pipe 
connected to the outlet of the water-cooled heat exchanger 
8 with the pipe introducing the refrigerant air from the 
exhaust heat recovery heat exchanger 14 to the expansion 

15 turbine 18; a valve 40 provided at the pipe 38; and a valve 
42 provided on the high- temperature side inlet of the 
exhaust heat recovery heat exchanger 14. 

In this modification, the valve 40 is closed and the 
valve 42 is opened, during the normal operation, that is, 

20 the operation mode for cooling the inside of the cooled 
warehouse 22 . The other operations are identical to those 
of the air-refrigerant cooling apparatus 1 described with 
reference to Fig. 1. 

According to this modification, the valve 40 is 

25 opened and the valve 42 is closed, during the operation 
mode for defrosting the defroster 18 in the air-refrigerant 
cooling apparatus la. In addition, the warehouse inlet 
valve 20 is closed. The warehouse outlet valve 24 is 
actuated so that the pipe on the outlet of the cooled 
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warehouse 22 is closed, and the bypass line 23 and the 
low- temper ature pipe 26 are opened so as to communicate 
with each other. The balancing root valve 32 is opened, 
and the three-way balancing valve 34 is opened so that the 
5 pipe connected to the balancing root valve 32 communicates 
with the bypass line 36. 

Although the refrigerant air discharged from the 
water-cooled heat exchanger 8 is branched into the 
high- temper ature pipe 13 and the bypass pipe 30 in the 

10 embodiment described with reference to Fig. 2, the 

refrigerant air discharged from the water-cooled heat 
exchanger 8 is branched into the pipe 38 and the bypass 
pipe 30 in this modification, since the valve 42 is closed 
and the valve 40 is opened. 

15 Other operations are identical to those described 

with reference to Fig. 2. In this modification, the 
temperature of the refrigerant air is not reduced in the 
exhaust heat recovery heat exchanger 14, because the pipe 
38 bypasses the exhaust heat recovery heat exchanger 14. 

20 This achieves defrosting the defroster 18 more 
ef f icient ly . 

Referring to Fig. 4, a description is made of another 
modification. An air-refrigerant cooling apparatus lb in 
this modification provides the defroster 18 with a 
25 dehumidif ication fan 44. The arrangement of other 

portions of the air-refrigerant cooling apparatus lb is 
identical to the air-refrigerant cooling apparatus 1 
described with reference to Fig. 1. As described with 
reference to Fig. 3, the pipe 38 and the valves 40 and 42 
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may be additionally provided for the apparatus lb. 

If the high- temperature refrigerant air is supplied 
into the defroster 18 to melt the frost, and water vapors 
of the air stay in the defroster 18 and the pipe system, 
5 a frost forms on the defroster 18 immediately after the 
mode is returned to the normal operation mode. It is 
therefore preferable to exchange the air within the 
defroster 18 using the dehumidi f ica t ion fan 44 in the 
defrosting operation mode. 

10 Alternatively, conduits that communicate with the 

outside of the pipe system may be provided at two or more 
locations of the pipe system that have different pressures 
in place of or in addition to the fan 44 so as to exhaust 
the air using the pressure difference. For example, a 

15 suction pipe and a valve may be provided at a position A 
of the pipe 28 for the low pressure side, and a discharge 
pipe and a valve may be provided at a position B of the 
pipe on the inlet of the expansion turbine 16 for the high 
pressure side. When the valves disposed at the points A 

20 and B are opened, the air is taken in the pipe system from 
the point A and discharged from the point B. This achieves 
exchanging the air within the pipe system, and reduces the 
humidity in the pipe system, which is increased through 
evaporating the frost. 

25 Although these embodiments are directed to the 

air-refrigerant cooling apparatus 1 that cools the cooled 
warehouse, which can be hermetically sealed by closing the 
door, the present invention is also applicable to a case 
in which a food or the like on a belt conveyer is passed 
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through a semi-hermetic space cooled by the air- 
refrigerant cooling apparatus 1 to transform the food into 
a frozen food. The present invention is also applicable 
to a medical supply reactor that refrigerates medical 
supplies in a medical supply manufacturing process. 
Additionally, as shown in Fig. 5, the present invention 
is applicable to a cooling container loaded in transport 
apparatuses such as a vehicle, a ship, an airplane, or a 
train. In an embodiment shown in Fig. 5, a container 50 
including the air-refrigerant cooling apparatus 1 is 
loaded on a transport apparatus 52. The transport 
apparatus 52 is equipped with a battery 54, and power is 
supplied to the air-refrigerant cooling apparatus 1 from 
the battery 54 . 



